
8:

II

FORAERONAUTICS

TECHNICALNOTE2509

A SELF-SYNCHRONIZINGSTROBOSCOPIC

FORTHESTUDYOF UNSTEADY

SCHLIERENSYSTEM

AIRFLOWS

By LeslieF. Lawrence,StanleyF. Schmidt,
andFloydW. Looschen

AmesAeronautical
MoffettField,

Laboratory
Calif.

W* Mngton

October1951

J

.-. —.

.>—. ___ ---- . -.. —— --- ....—= .. .._ —-. . . ...— .. .. ... . . . . .



TECHLIBRARYKAFB,NM

1
,,

“

.

.

1’

Iuilllillllulluillflnu
Dilb551L

N&ONAL ADVISORYCOMMIITEEFORAERONAUTICS

TlwlmIcALI?o’m2509

A SELE’4YIWJHRONIZINGS’IROBOSCCIPICSCHUEKENSYSTEM

FORTEESTUDYOFUNSTEMYAIR

By Leslie3’.Lawrence,StanleyF,.
andFloydW. Looschen

suMMmY

A self+wchro?dzingstroboscopicschlieren

I?Lows

Schmidt,

systemdevelopedfor .
tbevisualization”ofunsteadyairflowsaboutaerodynamicbodiesin -
windtunnelsisdescribed.Thisinstrumentccmsistsessentiallyofa
conventionalstroboscopicschlierensystemmdifiedby theadditionof
electronicandopticalelementstopermitthedetailedexaminationof
phenomenaofcyclicnature,butoffluctuatingfrequency.An additional
featureofthedevicemke$ possiblethesimulationofcontinuousslow
motion,atarbitrarilychosenrates,ofPrticularflowfeatures.

Physically,theinstrumentisa scblierensystemhavingtwolight
pithswithdis@acedlightsourcesandfocalpoints”butusingcomnon
primaryreflectors.Oneoftheselight~ths,utilizinga steadylight
source,is interceptedby a photohi%e,whichreceivessignalsinthe
formofchangesoflightintensitycorrespondingto fluctuationsofthe
air+treamdensity.Theoutputofthisphototubeinturntriggersa
stroboscopiclightsource,therebyproducinga stationaryimageofem
oscillatingdisturbanceintheotherlightpth. S+mulatedslowmotion
is obtainedelectronicallyby causingthe”flashofthestroboscopic
lightto lagthesynchronizingsignalfromthephototubeby a constantly
increasingincrementoftime.

Circuitdescriptionsand.an itemizedlistofthe,componentsusedexe
presented.

INTRODUCTION

Thefundamentalstudyofsuchaerodynamicphenome~as shock+ave
boundary-layerinteraction,developmentofvorticesina X&m&n vortex
street,andpulsatingflowsinair—Muctionsystemsoftenrrmkesdesir—
ablethedetiiledopticalexami~tionofoscillatingairflowsabout
wind-tunnelmcdels.Thisexaminationiscmmonlyaccomplishedbymeans
ofstroboscopicscblierenequipment.It isinvariablydiscovered,how–
ever,thatthesmll variationsinvelocitytowhichsubsmicwind-tunnel
flowsaresubjectarereflectedas variationsinthefrequencyofthe
disturbanceunderinvestigation:Furthermore,inmanyinstancesthe
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frequencyofthephenomenonprovesinconstant.Thefrequencyvariatims
fromthesetwosourcesareoftensufficientlyerraticthat”no visual
continuitycanbe o%tainedwithconventionalstroboscopicequipment.

To satisfytheneed.foran instrumentpermittingthevisualization
offluctuatin@?requencyflows,thedevelopmentofa self+~chrcmizing
stroboscopicschlierensystemwasundertaken.Theessentialrequirement
wasthatthestroboscopicfrequencybe ctmtrolledby,and.be in syncbr~
tismwith,the~rticularflowirregpilarityofinterestintheinvesti-
pJ3tion.Additionaldesi~blefeatureswerea methcdtoeffectslowmotion
ofthehge ofthedisturticethroughitscycleduringvisualobser~
tion,and.a methd formeteringtheaveragefrequencyofthedisturknce.
Theinstrumentwastobe capbleofdealingwithphenomenakving fre-
quenciesas highas 10,000cyclesper‘second.

Thispper describesthe.self+ynchrcmizingstrobostopicschlieren
instrumentdevelopedto satisfytheserequirementsandcertainlimita-
ticmscontroU.ingthkeffectiveapplicationoftheinstrument.Selected
photographsarepresentedtoprovidetypicalillustrationsoftheflow
detailvisibletoam observer,andoftheflexibilityoftheinstrument.

DEXRIl?l’ION

A Perspectivetiewanda blockdiagramoftheinstrumentaregiven
in figures1 and2,respectively.Theinstrumentconsistsessentially
ofa dualschlierensystemandassociatedelectroniccontrols.

Thsprimaryschlierensystemutilizesa const9n*intensitylight
source.Variationsofthelightintensityina selectedportionofthe
viewingfieldofthissystemarewed tocontroltheflashingofthe
lightsourceofa secondaryschlierensystem.By appropriateselection
ofthesizeandpositionofthecontrollingportionoftheprim3ryfield,
theflashingofthesecondarylightsourcecanbe nde tocoincidewith
theinstantsatwhichsuccessiveoccurrences.ofthephenomenonbeing
studiedhavereacheda fixedgeometricalposition.It canbe seenthat
theover-allresultistoproduce-astroboscopiceffeetwhichisinde-
pendentoftheregularityofthep@omenon beingstudied,

A cyclicpresentationofthegrowthandmotionofthephenomenonis
obtainedby controlleddelayoftheflashingofthestroboscopiclight
source.Eachsuccessivecontrolsi~l receiwdfromthefluctuating
lightintheprimaryviewingfieldisdelayedbya constantlyincreasing
interval.Theeffectoftheconstantlyincreasingdelayistopresent
imagesontheviewingscreenofthesecondaryschlierenwhichshowthe
disturbanceat differentphasesofitsdevelopment.Thecombinedeffeet
ofmny imagesistoprcilucean illusionofviewingthedevelopmentof
thedisturbanceinslowmoticm.
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OpticalE&pment
.

Thetwoschlierensystemshavese~te lightsources,images,
knife-edgepositicms,andfocusingplanm,buttheyutilizethesame
primaryreflectors.

Themethodbywhichtheprimrysystemdetectsdistrubancesand
actuatesthestroboscopicsystemmaybe’seenfroman inspectionofthe
lightpathsshowninfigure2. Lightrayshorntheprimxrysource(1)
arecollimatedby thefirstreflector(2),traversethewini-tunneltest
secticm,andarethenfocusedby thesecondreflector(3) at thelmife
edge(4).A smallplanemirror(~)inserted.intheplaneoftheimage
formedat (6) directsa lightbeamto thephototube(7). Thismirroris
placedintheareatraversedhy theimageofthefluctuatingdisturbance
beinginvestigated(e.g.,a movingshockwave).Thelmifeedge(4)is
adjustedtomximizethevariatimoflightintensityimpingingonthe
phototzibe.Thephotohiberespondstotlmfluctuatinglightintensity
andprcducesan electricalsignalwliichisused.to controltheflashing
ofthelightsourceofthesecondarystroboscopicschlierensystem.

Theoptimumsizeofmirror(5) isdeterminedby thesizeofthe
particularobjectbeingexamined.Fortheapplicationsdescribed,repet-
itiveflashesat identicalpointsinthecyclewereobtainedwitha
l/6~inc&iiametermirrorinan imagefieldof2-inchesdiameter.

ElectronicComponents

A blockdiagramoftheelectroniceq.d-pmentthroughwhichthecur–
rentgeneratedby thephotolnibecontrolstheflashingofthelightsource
forthestroboscopicschlierensystemisalsoillustratedinfigure2.
Thisequipmentalsoindicatestb averagefrequencyofthedisturbance
andprovidesthesimlatedslowmotionofthecyclicphenmenonm the
secondaryviewingscreen.

A schematicrepresentationofthevoltageoutputasa functionof
timeforthevariousblocksispresentedinfigure3.1

TheoutputofthephototubeisPssed firstthroughthefilter
(fig.2,block8)toremoveallsignalsoffrequencygeaterthansome
predeterminedamount,whichinthiscaseis10,000cyclespersecond.
Theoutputofthefilter(fig.3(a))isamplified(fig.2,block9) and
senttoa frequencyindicator(fig.2,block10)wherethearithmetical
averagefrequencyisindicatel.Thefrequencyindicatingcircuitalso

‘Forsimpkl.citythewaveformsoffigure3 areidealizedandnotintended
tobeaccumtereproductions.

/

— —— —— .. —.... —.-. .— ______ __ .-—



4 lWJflTN2509

ckmgesthe waveformoftheamplified.phototzibeelectricalsignaltoa
shortelectricalpulse(fig.3(b)),onepu+sehelnggenerated”foreach
cycleofinput.Thispulseis sentto thefrequencylimitingcircuit
(fig.2,Mock U) whichallowsthepssageofa maximumofapprai-
mtely 300electricalpulsespersecond.Thefunctionofthiscircuit
istoprovidea maximumlimitonthepowerappliedtothemercurylamp,
andfordistur-cefrequenciesabove500cyclesperseconditallowsa
relativelyconstantaveragepowerflowtothesecondarymercurylamp.
Theoutputofthefrequencylimitingcircuit(fig.3(c))issentto the
differentiatingandamplifyingcircuit(fig.2,block12)whichconverts
therecla.ngdarwaveformto shortpulses(fig.3(d)),theHinmm fre-
quencyofwhichisnow300cyclespersecond.Theamplifiedpulsethen
triggersthevariabletim+delaycircuit(fig.2,block13).

Thevariabletime-delaycircuitis essentiallya triggeredtrape-
zoidalwavegeneratorinwhichtheduratimofthegeneratedwaveis
proportionaltoandcontrolledby a voltage(fig.3(e))whichincreases
linearlywithtime.Sincethepulsesthatcontroltheflashingo-tthe.
secondarylightsourcearederivedfromthetrailingedgeofthetrape-
zoidalwave(fig.3(f)),eachlightpulsewild.lagtheprecedingoneby
a constantincrementof time- thuspermittingthecyclicmotionofthe
aerodynamicphenomenontobe visualizedinslowmotionontheschlieren
viewingscreen.

Theoutputofthevariabletime-delaycirctit(fig.3(f) iscoupled
{toa clifferentiatingandamplifyingcircuit(fig.2,block14,ad there-

afteramplifiedby thepulseamplifier(fig.2Jblock15)● ~ ~-t of
thepulseamplifierisusedto triggerthehydrogentbyratron(fi~.2,
block16)whichcausesthedis~rge ofa fixedamountofenerg
(fig.3(g))tlmughthesecondary,or S+ICO~OSC@.C)W@t s~f= (fig.27
block17’). ThisIprcilucestheshortflashoflight(approximately
5 microsecondsduration)whichisfocusedat thesecondarylmifeedge
(fig.2, item18)andwhich,accordingtothepositionoftheplane
mirror(fig.2, item19)eitherilluminatestheviewingscreenofthe
secondaryschlierensystem(fig.2, item20)orentersthemotio~icture
camera(fig.2, item21).

PhotographicRecords

Photographicrecordsareobtainedby divertingthesecondarylight
pathintoa 35mmmotion-picturecame= (seefigs.1 and2)moiifieaby
thedeletionoftheshutterandtheadditionofa commutationmechanism
(fig.2,block22)whichis synchronizedtointerruptthestroboscopic
lightduringthemqvingportionofthefilmcycle.Thesimulateacyclic–
notio~featureincludedinthisinsbmentmakesunnecessarya cameraof .
highfrme speedtoobtainmotionpicturesofhigh=frequencydisturbances.

.
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AYFHCATIONSANDDISCUSSION ,

As hasbeenmentionedpreviously,fluctuationsoffrequencycaused
by thesmaU velocityfluctuationsoccurringinmibsonicwindtunnels,as
wellas thoseinherentinsomeaerodynamicphenomena,precludetheuseof
conventionalstroboscopicschlierensystemsformeasurementofrecurrence
ratesorfordetailedexaminationofhigl+fiequencyfluctuatingflows.
Theself-synchronizingstroboscopicschlierensystemprovidesa meansfor
studyingsuchdisturbancesinthewindtuumlwhiletheyoccur.An exam+
inationofunsteadycyclicdisturbancesoccurring,for_le, behinda

‘ blunttrailing-edgeairfoilpermitstheobservertostudytheformation
anddischrgeofvorticesfromthebluntbase. Theselectedsequenceof
photographsoffigure4 arepresentedasan illustrationofthedetail
visibleontheviewingscreenofsucha fluct&tingflow. (Thefluc-
tionsinthiscaseoccurat abou$150cyclespersecond..) In figure
4(a)theuppervortex~s achievedfullgrowthandhasjustbroken(;~~
fromtherearoftheairfoilanda newvortexhasbegunto form.
therollingup oftheboundarylayerleavingtheuppersurfaceofthe
airfoil.) Thelowervortexisalreadywelldeveloped.Infigure4(b)
thenewvortexhasattainedaboutone-fourthofitsultimatesize.Suc–
ceedingstagesofdevelopmentaretobe seeninfigures4(c),4(d),and
4(e).Figure4(f),showi~tm fullydevelopedvortexfollowingits
predecessordownstream,completesthecycle.Figures5 to 9 arepre-
sentedasadditionalillustrationsoftheapplicationoftheinstrument.
Theaveragefrequenciesofthefluctuationsillustratedby thesefigures
rangefrom450cyclespersecondinthecaseofthe-largercylinder
(fig.5)to9520fortheflowbehindtheaerai-c hcxiyseeninfig–
ure9.

Inalloftheseinvestigationsj aswellas inthatrepresentedby
figure4,itwaspossibleto observetheformationanddetachmentofthe
vo”rticesbehindths~tiels,andtheprqa~tionof‘pressurewavesatany
desiredrateandforanydesiredpericdoftime.

Theseapplicationsoftheself+ynchronizingstroboscopicschlieren
instrumentby nomeansexhaustitspossibilities,nordoes10,000cycles
persecondrepresentthemaximumfrequencyrangetowhichitnaybe
adapted.Thisfrequencyrangewasadequatefortheparticularseriesof
investi~tions,ofwhichthosedescribedintheprecedingpragraphare
typicalexamples.Modificationsoftheelectroniccircdt,whichmayhe
madewithoutgreatdifficulty,wouldpermituseinapplicationsrequiring
fr(3qUeIICi0S up to 100,000CyCh3 persecoti.ApplicationQftheseH–
synchronizingstroboscopicfeatureislimited.,however,to cyclicphe-
nomenabatingthefollowingcharacteristics:(1) Thesizeandsh4peof
eachdisturbance‘nustbe nearlythesame,and (2)thetimehistoryof
eachdisturbancefroma fixedpointnmstbe approximatelyconstantfor
eachcycle.
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Althuughtheinstrumentwasdesigndforusein conjunctionwitha
schllerenappratusto facilitateresearchinvestigationsofunsteady
flowphmomena,& electronicportionmayreadilybemcdifiedforusein
anyapplicationwherea mauuallycontrolled.stroboscopeprovesinadequate
becauseoftheinconstantfrequbncyoftheobservedphenomenon.Inaddi-
tion,thevariabletime-delayfeatureoftheinstrumentmightwellbe
includedinnumerousother@truments.

AmesAeronauticalLaboratory
NationalAdtisoryCommitteeforAeronautics

MoffettField,Calif.,Aug.9,1951
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CIRCUIT DESCRIJ?TION
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.

“

Theschematicdiagramsoftheelectroniccircuitsareshownin
figures10and11andthecomponentsarelistedintableI. Inspection
of thefiguresshowsthatmostofthecircuitsareofconventional
design;thus,onlytlwmorecomplexcircuitsarediscussedhere.

frequencyIndicatingCircuit.

Thefrequency-indicatingcircuitisessentiallygas-tubebi=ry
scalarmodifiedby theadditionofthedifferentiatingcircuits
(C1O,R22andCll,R25),therectifyingdicde(v6),andthefrequency–
indicatingmicrcammeter.

In caseswherethesignal-t=oiseratioofthemplifieroutputis
lowand,aprecisemeasurementoffrequencyis,required,theoutputof
theamplifiersis coupledtoa synchroscopeanda Stroboconn.Thesyn-
chroscopeisusedtomeasuretheapproximatefrequency,andtheStro-

“ boconnto obtaintheprecisionnecessary.Thisarrangementis only
suitableforfrequencyrangesfromapproximately30to kOOOcyclesper
second.

llYequency-LimitingCircuit

Thefrequency-ldmitingcircuitisa om+shotmultivibrator(V&l
andV&) modifiedby theadditionoftubew-l. Thetube~–l is
includedtoinsuretkatca~citorC15isfullychargedduringthe
intervalwhenthegridof@-l isbeyondcut-off.Thedurationofthe
‘off”timeofV& isinitiallysetatapproximately3300microseconds
by choiceofR35andC15. A pulsederimdfroutheleadingedgeofthe
platesi~l ofVU isusedtocontrolsucceedingoperations.

VariableTime~lay Circuit

V=iabletimedelayisachievedbya phantastrontime-delaycircuit
(references1 and2) composedoftubesV9andVIO. Whenthecircuitis
inthestablequiescentcondition,thereisno currentflowtotheplate
ofVIOduetothebiasvoltagebetweengridNo.3 andthecathode.
Applicationofa ne~tivepulsetothecathdeofV>l ca~estheplate
voltageandconsequentlythegridNo.1 voltage(viacathodefollowerW
“andca~citorC22)todecreasewithrespectto groundpotential.This
decreaseofgridNo.1 voltagereducesthetotalcurrentflowinginVIO
and,sinceRk8isnotby~ssed, thebiasongridNo.3 decreaseswith

I respecttothecathcde.A switchingactionthustakesplacesothatcur–
rentflowstothe@ate circuit.As thechargeonC22leaksoffthrough
R50,theplatecurrentincr~sesuntila ~lue ofPkte currentis
reachedforwhicha furtherincreaseingridNo.1 voltagecausesa

-------- .—--— --— —— .—. — —————— —-— —————.—.
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decreasein@ate current.At thispointa switchingactiontakesplace,
andthecurrentswitchesfromtheplatecircuitto gids Nos.2 and4
ofVIO,thequiescentconditionofthecircuit.

Thetimerequiredforthecircuittoreturnto quiescentcondition
constitutesthetimedelayofthecircuit.Thistimeisdeterminedby ‘
theinitialchargeonC22. SinceC22isckrgedthroughthecathodeof
V$X2andthecontrolgid ofVZO,theinitialchargeonC22canbe con-
trolledby controllingthequiescent-platevoltageofVIO. A saw-toothed
voltagefroma re~tion-typegeneratorisplacedonthecathodeof
wl throughisolatingresistorRk3. Thissaw-toothedvQltagecausesa
similarvariationinthequiescentplatevoltageofVIO,andcmse- .
quentlyinthequiescentchargeonC22,therebyprcxiucinga timedelay
whichincreaseslinearlywithtime.Thedurationofthesaw-toothedwave
isverylong(2to5 sec.) comparedtotherateatwhichthevariable- “
delaycircuitreceives~triggeringpulses(approximately300persec.).
Thus,eventhougha jitteroftheimageonthesecondaryviewingscreen
occurseverytimethesaw-toothedwaverecovers,tldsjitterisnot
objectionabletotheviewer.A switchisprovidedsotha’ttheopemtor
maycontrolthetimedelayfroma mnuallyadjustablepotentiometer.

Tbsmaximumdelayofthevariabletime-delaycircuitmustnot
exceedtheminimumintervalbetweenp&es as dete-ed by thefre-
quencylimitingcircniit.Violatingthisconditionresultsina vari-
ationintheU.ghttitensityat thesecondaryviewingscreenwhichis
in synchrmismwiththesaw-toothedwave.

TheIamyandPulsingCircuit

Thethree-stagepulseamplifiershowninfigureU prcducesa
230-voltpositimpulse(O.3 microsecondrisetimeand.1.5microsecond
duration)whichdrivesthegridofa 5C22hydrogentlpratron(V20). The
applicationofthepositivepulsecausesthetubeto fire whichink

Lcausesthedischargeoftheener~ storedin capacitorsC 5 andC46
throughV20andthslamp(anaircooled,high-pressuremercury-arclamp,
typeB&6.) A lightflashisemitted.whichhasa durationofapproxi-
mately5 microsecondsanda peakintensityof100tiimstheintensity
obkinedfromthelampwhenoperatedundermanufacturer*sratings.

Duringtheintervalbetweenpulses,C45andCM rechargefromths
hi&voltagepowersource.Thelampisheldconductivebya smll direct
current(a~roxinmtel.y25milliamperes)suppliedfromthehig&voltage
sourceviaR81. Thiscurrentperformstwofunctions:First,itelimi-
natesa sourceoftimejitterbetweenthefiringofV20andemissionof
lightfromthelamp;second,itallowsoperationofthelampat higher

..— — —————. .—. —_. -.. ——-. ..—.
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averagepowerdissipationwithoutintermittentmisfiring.Thisresults
fromthefactthattheionizationpotentialofthslampincreaseswith
pressure,whichisproportionaltoaveragepowerdissipation.Ifthe
pressureincreasebecomesexcessive,deionizationofthelampbecomes
erratic.By mainta~ thelampintheionizedstate,thisinstabil–.
ityiseliminated.

Low–VoltageControlCircuits

Mostofthelow-voltageswitchinghasbeeneliminatedfromthe
drawingsin ordertopresentclearlytheessentialportionsofthecir-
cuit. It is sufficientto saythatrelaysandinterlocksmustbe
arran@ toallowsufficientheatingofthefilamentsofthees tibes,
toprotectequipmentandpersonnel,andtoprovideconvenientoperation
oftheequipment.

.

I

.

“
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TABLEI.–LISTOF COMPONENTS

l-l

R1 22,000ohmsl/2w
R2 22,000ohmsl/2w
R3 22,000ohmsl/2w
34 22,000ohmsl/2w

carbon
carbon
carbon
carbon

Resistors

R5 22;000ohms‘1/2w,Carlmn
R6 22,000ohmsl/2Wcarbon
R7 22,000ohmsl/2Wcarbon
R& 22,000ohmsl/2Wcarbon
R9 22,000ohmsl/2Wcarbon
R10 10,000ohms W =~on.

Rll 470,000ohms lW carbon
R12 @ ohms lW carbon\
R13 270,000ohms lW carbon.
R14 1.2 megohmslW carbon
R15 33,000ohms lW carbon
R16 1 megobm lW carbon
R17 6&)ohms lW car%on
R18 1,500ohms x wire
R19 100,000ohms lWcarbon
R20 20,000ohms lW carbon
R21 7,000ohms ‘5Wwire
R22 3,3000- 2W carbon
R23 100,0~OhlS 2W carbon
R24 100,000ohms lW carbon
R25 . 3,300ohs 2W carbon
R26 5,000ohms 5Wwire
R27 10,000ohms 2W carbon
R28 15,000ohms 5Wwire, ~
R29 100,000ohms U?carbon
R30 56,000OhIS lW carbon
R31 100,000ohms lW carbon
R32 330,000ohms lW carlmn
R33 20,000ohms 5Wwire
R34 1,000ohms x wire
R35 2.2IIEgObS lW ~rbon

R36 10,000ohms10Wwire
R37 10,000ohms10Wwire
R38 10,000ohms lWcarbon
R39 20,000ohms 5Wwire
R~ 220,000ohs lW carbon*
R41 12,500ohms .5Wwire
R42 5,600ohms~lWcarbon

. R43 10,000ohms lWcarbon
R44 5,600OIWS lW carbon

R45
Rk6
R47
Rk8
Rk9
R50
R51
R52
R53
R54
R55
R56
R57
R~
R59
R60
R61
R@
R63
R@
R65
R66
R67
R&
R69
R70
R71
R~

;Z
R~
R76
R77
R78
R79
R80

R81
RR?
R83

R8k

68.000ohms 2W tirkn
20;000ohms10W wire
6,8ooohms lW carbon
10,000ohms lW carbon ‘
2.2megohmslW carbon
1 megolunlW carbon

25,0~o0bITE3 5W carbon
10,000ohms I..Wcarbon
40,000ohms ~ wire
20,000ohms ~J wire
270,000ohs lW carbon.
10,000ohms lW carbon
20,000ohms 5W wire
40,000* ~ wire

150ohm ~ wire
47,000ohms 2W wire
70,000ohms ~ wire
10,000ohms25W Ohmite

‘50,000ohms50W Ohmite
50,000ohms50W Ohmite
100,000ob.ms2W carbon
2,000ohm lW carbon
2,000ohms ‘jWwire
2,000ohms 5W wire
47,000elms lW carbon
10,000ohms 5W wire
40,000ohms a? wire
5,000‘ObDls2W wire
10,000ohms lW carbon

75ohms 2W wire
12,00Q@ 25W wire
5,000OhmS 10W wire

220,000oh 2W carbon
2,500ohms10W wire

75ohms10W wire
‘ 5 megolms10W highvolt-

age
200,0000=” 400Wwire
10?000ohms8UOWwire ‘

1 megohm10Whigh-
mltage

22 ohms 5Wwire

‘-q=”,.,,-

. -.. .— ----
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TABLEI.–CONTINUED u

Potentiometers

H 70,000ohms4Wwirewound 25 20,000ohms 4Wwirewoumd
P2 10,000ohms4Wwirewound 26 20,000ohms 4Wwirewound
23 10,000ohms4Wwirewound P7 10,000ohms 4Wwirewound
P4 10,000ohms4Wwirewound I?8 2 megohms3Wcarbon

L1
L2
L3
L4
L5
L6
L7

T1
T2
T3
T4
T5
T6
T7

c1
C2
C3
C4
(’!5
C6
C7
C8
C9

13henries 40MA
13henries 40MA
8henries 200MA
8henries 200MA

.34henriesAudioChoke

.34henriesAudioChoke
16nd.~henries

u_7/2.mm Filament
111711200V at 5 MA

Inductors

L8
L9
Llo

L13
L14

Transform.ers

T8
T9

lli/mOVIX,150MA/5vm,3A/6.3m> .5A
10,000oh primary,interstice TIO
H7/6.3VCTFilamsnt Tll
u7/750V~}l-/~ ,3A/6.3~ > 5A T=
H7/2.~ loAFilament

Condensers

.003 ma &ov-per

.003mfd600Vpaper
10tia25Velectrolytic
.1mfd600Vpper
.1mfd@OV paper
.1mfd600Vpayer
8 mfd45OVelectro~ic
10mfd 25Velectrol@ic
K?mfd450VelectroQ_tic-

C17
c18
C19
C20
C21
C22
c23
C24
c25

2.25microhenries
2.25microhenries
X2henries
6 henries
1 millihenry
1 millihenry.
’12henries

117/ll,omvm200MA
GENo.59G37highreac- .
tance
ignitioncoil
u7/!7v/Y/5vFi~nt
u7/6.3VFikment

.0005mfd
50mfd

.001mfa

.001mfd
.5mfd

.005mf&

.005mfd

.001mfd
15mfa

3(X)Vmica
50Velectrolytic
600Vp.per
600Vpaper
600Vpper
@OV paper
600V~per
600Vpaper
1500Vpyranol

C1O.0005mfd300Vfica C26 15mfd 15007~~01

cl-l .0005 mm 3(X3Vmica c27 16mfd 600Velectrolfiic
C12.0005mfd300Vmica‘ c28 16mfd 600Velectrolytic
C13 50ma 50Velectrolfiic c29 8 mfd 600Vpaper
C14 .5tia600Vpaper C30 12mfd 450Velectrolytic
C15 .003tid300Vmica C31 E?mfd 470Velectrolytic
c16 16rnfd45OVelectrolfiic c32 .0005mfd 300Vmica

—————.—. -—.——- ——. ——--—. —.——-— — -——-.. .——-— .. . ——.-–. —. —.-
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Condensers,.

C33 .01 mfd600Vpaper
C34 .5 mfd600Vpper
C35 .05 mfd600Vpa~r
c36 .05 mfd600Vpaper
C37 50 tid XJVelectroQ%ic
c38.002mfd600Vpaper
C39 10mfd 50Velectrolytic
C40.002mfd600V~per
C41 10mfd 50Velectrolytic‘
C42 8 mfd600Velectrolytic

m.
V2
m
V4
n
V6
w
V8
V9
no

VZ3

Ck3.002mfd 600V~ler
C44 .1mfd 6QOVya~er
C45 .Okmfd XXV oilfilled
c46 .04 tia 32m oilfilled
C47 16mfd 600Velectrolytic
CM 16mfd 600Velectrolfiic
C49 18mfd~OOV oilfilled
C50 .05mfd 12KVoilfilled
C51 30mfd1500Voil filled
c52 - 4 mfd 600vWper

6SJ7
6F6G
884
884
6H6
6SN’7

6s~
6W7
6SN7
@lG
oA3~75

v14
v15
v3_6
v17
w_8
v19
V20
V21

V23
V24
V25
v26
V27

884

6H6
6AG7
807
%7
5c22 .
5U4G
866/866A
866/866A
872
872
87?2
87?2

Miscellaneous

T time-delayrelay,~0seconds
D1 dry+iiscrectifier
~; aircooled,MercuryarctypeBE-6

. . ....-. .. —.. .—— ——- ..— —— .—–. — —— — .— .—-.
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~ ~ “‘1 Electronic power components< “; ~ ;@””!; ~
.-?/.% : ‘ 2.%imary steody light source
,/

/LO~ /:4:;:< ‘/: ‘; ;
3 Model
4 Secmo’ary stroboscopic light source

& ./’7/, ! j;” j ‘ 5 Secondary viewing screen
~,~gr

i,,>>;”$ :, ~$:” ~ :, , .
6 Motion picture camera
7 Photo&be pickup

1A 1.id ‘ :

8 l/64-inch diameter mtiror
9 Electronic control components

J\,:u,, \

\

5 “\.\

Fi~e L- Perspective vfew of the self-qnctinizi~ .droboscqoh opporot’m G
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I

2

3

4

5

6

7

8

9

10
II
[2
13
14
15
16
J7
18

19
20
2/
22
23

Primary light source

First reflector

Second reflector

Primary knife edge

Movable plane mirror 1/64” diameter

Primary viewing screen

Phototube pickup

Low-pass filter

Ampllfler

Frequency indicator

Frequency limiter

Differenilator and amplifier

Con Hnous(v variable time deloy

Differentiator und amplifier

tilse um,ollfler

Hydrogen thyrotron and energy storage

Secondary light source

Secondary knife edge

Mirror

Secondory viewing screen

Moiion-picture comers

Commutation mechonism

Aerodynamic model

Figure 2.- Block diogrom of the self-synchronizing stroboscope opparotus.
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! (a) Outputof filfer, blockno.8

\
.

I (b)Output of frequency indicator, block na10

I (tc)outPu+ of frequency limiter, block no. II

\ \ \ \

I (d) Output of differentlator ond ompllfie~ block no. 12

l(e) Sow-toothed voltage wove which controls vorioble time deloy circuit

~“
(f) Ouiput of variable iime delay circuit, block no. 13

\ \

[g)Output of hydrogen thyratron ond energy storage circuit, block no. f6

~ ~~~*

Figure3-Representative waveformsd vorious
In the electronic circuit
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(a)Boundarylayerleavingupper‘surfaceofairfoilrollsup to
stsrtnewvortex.

Figure4.-Vortexdischargefromtheresrofa blunttrailing-edge
airfoil.Dischsrgefrequency,lx cyclespersecond.
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(c)Vortexfromlowersurfacehasbecomedetachedfromtherear
of theblunttrailing-edgeairfoil.

Figure4.-Continued.
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(d)Vortexformingoffuppersurfacea~roachesultimatesize”.

Figure4.- Continue(i.
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(e)Vortexfarmingoffuppermrfaceimmediatelypriorto
deticbment.
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A-15150

(f)Fu~y d~~.l~p.dv~,texf,~mupper-~urfacefollowspredeee,sor
downstream.

Figure4.-Concluded.
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Figure5.-VortexUscbrge fromrearof1.~inchdiam.eter
cylinder.Disch9rgefrequency,450cyclespersecond..
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Figure6.- Vm%exdischargefrumrearofO.~$)%lncklhmeter
cylinder.~~chmgefrequency,2630cyclespersecond.
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Figure7.– Vortex dischmgefrmarearof0.25&tnc~ter
cylinder.~schargefrequency,6250cyclespersecond.
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A-15159

Figure8.- Vortexdischargefromrearofblunttrailing+@
airfoil.Dischargefrequency,6800cyclespersecond..
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Figure9.- Turtexdiscbmgefianrearofblunttmiling+dge
airfoil.DiscWrgefrequency,m20 cyclespersecond.
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Figure IQ– Schomatk dmwi~ of self- synchr&g stroboscqic s~litvm control chdts.
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figure 11. -Schemofic dmwing of self-synchrontking sttvboscopic schlkren power circuifs.
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